Experiments were conducted to determine the conditions for successful and efficient cryopreservation of hatched mouse blastocysts, using simple vitrification procedures.
Introduction
Attention has concentrated on the cryopreservation of zona-intact mammalian embryos. However, the first calf derived from a frozen-thawed embryo was born from a day 10-11 blastocyst frozen after hatching from the zona (Wilmut and Rowson, 1973) . The first lambs from frozen embryos were also produced from a group of embryos including hatched blastocysts (Willadsen et al, 1976) . The hatched blastocyst is an especially important stage for the cryopreservation of pig embryos, because they are highly sensitive to low temperature per se (Wilmut, 1972;  Polge, 1977) but they begin to acquire tolerance as they develop to peri-hatching stages (Nagashima el al, 1989) . The first piglets from frozen embryos were produced from blastocysts frozen after hatching from the zona during culture (Kashiwazaki et al, 1991) .
In the first pioneering work, Whittingham et al (1972) reported that mouse embryos, at stages from the one-cell to the zona-intact blastocyst, can be deeply frozen. However, it is known that the sensitivity of embryos to cryopreservation is variable, and there have been only a few reports on the cryopreservation of mouse embryos at the stage of hatched blastocyst. Shaw et al (1995) showed that high proportions of hatched mouse blastocysts can survive after conventional slow freezing. However, when mouse blastocysts partially or fully hatched from the zona were frozen by a rapid method, the survival rate was lower than that of embryos at earlier stages of development (Shaw et al, 1991) . Because As an innovative approach to cryopreservation of embryos, Rail and Fahy (1985) reported the vitrification of mouse embryos. Recently, our group developed a very simple method for the vitrification of mouse morulae, which results in virtually no decrease in viability (Kasai et al, 1990) . Although the survival rate of blastocysts vitrified by this method decreased as the blastocoel enlarged (Miyake et al, 1993) (92) 123 (99) 121 (99) 59 (65) (Kasai, 1994) and by a two-step method (Zhu et al, 1993) . Considering that the permeability increases as development proceeds (Mazur el al, 1976) , together with the shedding of the zona pellucida, the permeation of ethylene glycol into hatched blastocysts is expected to be more rapid than that into zona-intact blastocysts. This also supports the hypothesis that hatched blastocysts are more likely to be injured by the toxicity of ethylene glycol after rapid permeation.
For the vitrification of zona-intact mouse blastocysts, both an ethylene glycol-based solution (EFS40) (Zhu et al, 1993 ) and a glycerol-based solution (Zhu et al, 1994) were effective, although the latter solution needed a higher concentration of glycerol (50%, v/v) . However, in this study of the vitrification of hatched mouse blastocysts, a glycerol-based solution (GFS40) was more effective than an ethylene glycol-based solution (EFS40). In the vitrification of zona-intact blastocysts in GFS40 (Zhu et al, 1994) , the survival rate after one-step exposure for 0.5 min was only 25%, but it increased when the exposure time was prolonged (50%) or when pretreatment was incorporated before exposure (68-69%). However, in hatched blastocysts, GFS40 brought relatively high survival by a one-step exposure (72-75%), and the two-step method resulted in a much higher survival rate (89-94%). These differences are consistent with the view that the permeability of hatched blastocysts is higher than that of zona-intact blastocysts. The previous reports on the vitrification of zona-intact blastocysts indicated that the permeation of glycerol into the cells and the blastocoel would be slower than that of ethylene glycol in the same condition, as expected from the molecular weights (Zhu et al, 1993 (Zhu et al, , 1994 . In sheep embryos, ethylene glycol permeates more rapidly than glycerol (Széll et al, 1989; Songsasen et al, 1995) . In toxicity tests of GFS40 and EFS40 for zona-intact mouse blastocysts, GFS40 was less toxic than EFS40, survival rates after exposure for 5 min at 20°C being 58% in GFS40 (Zhu et al, 1994) and 13% in EFS40 (Zhu et al, 1993 (McLaren and Michie, 1956) . For the transfer of hatched mouse blastocysts, the synchronous stage of pseudopregnant recipient is day 5-5.5, but after transferring untreated hatched blastocysts, high rates of conception and young were obtained with recipients on day 4, and to a lesser extent on days 2-3, but not on day 5. In the transfer of frozen embryos, the asynchrony between recipient and embryo must be increased further, since frozen embryos require some time for the resumption of normal developmental potential (Landa, 1982; Tsunoda et al, 1982) . In 
